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'THE PROBLEM OF THE MECHANISM OF
PROTECTIVE ACTION OF PLASTIC

I GREASES AND THIN-FILM
COATINGS

L. N Teterina, I, P. Lukashevich,
I. Ye. Zel'kind, Yu. N. Shekhter,i.I. G, Fuks, V. L. Ivankovskiy I

Vt

1(MOPZ* All-Union Scientific Research
I'institute of the Petroleum Industry,
)I. M. Gubkin Moscow Institute of
'the Petrochemical and Gas Industry)
I a

* Studies were carried out on an installation for measuring
)ohmic and polarization resistance [1, 2) in order to clarify the

relationship of the surface and volume components.of the protec-

'tive effect of plastic greases.

Greases - hydrocarbon (gun grease) and soap (TsIATIM-201) .

,and also the same greases containing a water-soluble corrosion
linhibltor - additive AKOR-l - and molybdenum disulfide as a filleri
!were analyzed. The study showed (Table 1) that the insulating

:(ohmic) component is not of decisive significance in evaluating a

.protection from electrochemical corrosion by films of greases,,
•since the fraction of ohmic resistance is not great in terms of

SWTranslator's note., No expansion found for MOPZ. ,.
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L7I... . !
,te6.taT'rsiptance of the protective film, even in uninhibited

II

gre ases.

Polarization resistance is one order and, in certain- cases
two orders higher in absolute magnitude than the ohmic resistance.!

* j

The insulation component of'the protective effect of the

!lubricants and of film coatings depends on the thickness of the 1
I layers, their permeability to vapor, moisture, and gases, and the I
'hygroscopicity of the layer. The indices named, are connected with'I
Ithe structure, the rheological and adhesion properties, and the
,chemical and colloidal stability of the lubricants.

Film tensile strength, the susceptibility to washing away

by rain, and the creep temperature are important factors.

A decisive role is played in the protective effect by the
polarization component and by thd inhibiting of electrochemical
corrosion processes connected with it. Polarization can arise

ifor different seasons [3]. First of all, it may appear as he

result of difficulty in the progress of electrochemical reactions
under the lubricant layer; secondly, it may be caused by anode

:or cathode concentration polarization, which depends on the
!structure of the grease, thickness of its layer, storage condi-

*tions, and the operation of metal articles. Analysis of polariza-!
Ition curves under a layer of uninhibited hydrocarbon grease (gun

grease, petrolatum, petrolatum with rubber) showed preferential
inhibition of the anode process [71.

If the ions whicV, form on the surface of the metal are not

*dr~iwn from the suriale mechanically (as the result of frictib•i)m.

bX chemically (as the result of reaction with the grease), thf .. i

'accUmulate on "he surface of the metal and give rise to concenii--i
'tratfon polarization of. the anode with the appropriate shift

FTD-HT-23-46C' -72 2
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Table 1. Ohmic and polarization
resistance under a layer of
lubricant 100-150 Pin.

I . 1 1 1 1 9 M.

S3auwiiw4 E

W-W• M--0)225)1 (0)1> ):1tab 45 . 1335 51,0 1284 0 0
•7(8) t, av.o AC-6 .. . 1390 11I0,0 1280 0 62

SM '( nrywevia cmama. 21800 137 21663 94.1 &2,7

(104o ace +10% AKO- 44500 1270 43230 97,2 96
(1O)To we +10% MoS2 32100 100 32000 96 50
11)Ctaaia L.4ATHI,-201 2560 67 2493 48,4 24,0
10 )To we +10% AKOP-1 17900 140 17760 92,8 63.6

(10)To we +10% MoS2 6590 190 6400 80,0 74,0
(10)To xe +!0% AKOP-1

+10% MoSs . . . 4 2 0 500 42700 97 90,0

Rema:AL. The quantities RPR and
- ROR are calculated with

4respect to the pure
plates.

KEY: (1) Protective material;
(2) Total resistance, ohms; (3)
Ohmic resistance, ohms; (4)
Polarization resistance, ohms;
(5) Relative polarization re-
sistance ERPRJ (On), %; (6)
Relative ohmic resistance

steel 45; (8) Oil AS-6; (9) Gun
grease; (10) The same; (11)
Grease TsIATIM-201.I-

;(improvement) of the potential toward positive values. However,

if a soap grease contains components capable of interacting with
'hydrated metal ions and if it possesses sufficient permeability

.for these ions, the anode reaction can proceed at a fairly high

'rate. Removal of ions and intensification of chemical and electro.

chemical corrosion may be caused by free acids contained in the

.&'edse and by other corrosion-aggressive substances formed in the""

p'Proc%'s-s of operation and oxidation of the grease.

In the case of fre'e flow of the anode process the cathode.....i

Fac-l ion will be the fa6tor which limits the total rate of

FTD-HT-23-4 6 0-7 2 3



3 i'k6s•or• :-V. M. Martynov [4] believes that the rate at which
I thel~depolarizer. oxygen - diffuses through the layer of plasticA a

1gre~ses is a basic factor in their protective action. However,

:greases (in their oil phase) and the absorption film of water on
,~metal contain oxygen in a quantity which Is fully sufficient for

{ .the development of electrochemical corrosion. Besides this, the

irate of oxygen of diffusion through the layer of the majority of
• ,greases is quite great and canno•t inhibit the process of corrosioni

!as a whole. It is also impossible to regard the diffusion of
loxygen exclusively._as 9.mechanicalproaess,..since oxidation

jprocesses connected with the formation of radicals, peroxides,, i

land hjdroperoxides occur in greases; these substances can in

Ithemselves become depolarizers of the cathode process. NIigrating

lions and corrosion products - scale, rust, etc. - can act asI tI
1depolarizers under a layer of lubricant.

Results from studying the permeability of greases confirmed

!the preferential inhibition of the anode process. The permeability

of greasef.lms to metal ions was -studied with polarization by

idirect current on two plates protected by a layer of the investi-

;gated grease with various thicknesses and lowpred into 5% solutionb

4of CuSO4, FeC12, and FeCl 3 The polarization current voltage was I
varied from 0.5 to 10 V; experiment duration ranged from 15 min to

13.h, with the temperature 200C. Permeability was evaluated in

'terms of the change in weght of the plates and by the increase

lin the ash content of the grease.
I

From a comparison of the data in Tables 1 and 2 it is clear

ithat, as one would expect, the lower the permeability of the

'grease to metal cations the higher the ohmic and, especially,

f•o1dization resistance of the grea3es. Hydrocarbon greased (gun-I

*gt%ý) possess substantially lower permeability t.o metal ionsLKi sture than soap greases; they have higher valuos of ohmic '
arnff-r.olarization resistances.

S ". . gD-HT-23-460-72



, I,.:, Table 2. Protective properties
of greases.

*12) . i1.q 1s1i t mi$ kfU.1K 4j.

.ia)

( C2 2 ,,23auLt ha. jq
;(8) Maeso e- . . . 425 - 10 10
.,m.9)mnywex CM83. 12 c,8 r0,t 8 1c of

maks.ea plate; .103-

'U KE: ()Poetv mtral;

(10)1"o *e +10% AKOP.1 -- 0 0 4 0,6

"" ( 2O)To ie +100,r MoSp 29 I7 10 10

(11) C orrosionAI-12 test,3 plate's of"stel 15 maks*""5) -1

?1 (10Ca aUITI-0 22 1, , , l) To *e + 101k AKOP-1 10 0,6 0 0,01 U
U' :o) To me +10% A10S2 28 7,2 3,5 0,5 2,5

ge(aO)eTo (e +T0% AKOP-T (+AioS2 . . . .. 14 0.9 0 0 0

i Itnurll{6HPOBaXHHe 110*
SXPUTe 31,.1.1 0,25 0 0 0 0

GraIncrease in the mass of-.
anhydrous copper, sulfate, mgc ingS " ' 5 days under a coating layer

Z; mm thick related to ) cm ofS• coat-ing surface.'

**0 marks - clean plate; .10,

++ 2. t

, days; -( .3tir chacer 4 th;

(7)t Immersionby•icsarwosion.
SKE~dys; (8) POteciv mateial (9 Gu

S•i (2)geaseM (10)Ture peameaity; (11) i

: 'Grestel 45, Tmarks ; (12) Pr-4
Stetivermalm indhuibited coamberg

, grease; (13) (geae samept(i).
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i ' V ii'eoofimaring the permeability of the greases to Cu+t ions

iwit permeability to oxygen [4], ;the lower permeability of the

I filMs for hydrated metal ions than for oxygen should be noted.

SRes6lts of tests of the protective properties of lubricants by

:widely accepted methods [5, 6] confirmed the data from the electrok-

Ichemical investigations (see Table 2).

One of the reasons for the high polarization resistance for

, inhibited greases and thin-film coatings is the formation of-

!adsorption and chemoorption ... filmsbys.urface.-.actbye subitanues,

Tabls 1and 2 show the results of studies on the influence
of a filler (MoS 2 ) on the protective properties of greases. From1 2

Ithe given data it is clear that the filler, as it were, acts as
Sa' surfactant and increases their ,effectiveness• Under ordinary

(conditions dense hydrocarbon greases are not susceptible to

!adjustment under the influence of a filler. In these greases
Ifillers and SAS affect only the volume protective properties and

Sifind little reflection in the suriface properties.

i The introduction of inhibiters and fillers into soap greases

liS reflected first of all in their surface properties (the friction

,of polarization resistance in the" total resistance of the film is I
iincreased). In this case the protective effectiveness grows,(see

!Table 2).
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